
Eureka! Z′ Boson at TeV Scale

Jing Li, Qiao-Rong Shen, Dian-Yu Liu,
Ren-Qi Pan, Hai-Jing Zhou, Xiao-Kun Yang
@THU, July 20, 2016

The 3rd International Summer school on TeV Experimental Physics (iSTEP)



Table of Contents

1. Introduction

2. DATA Hierarchy

3. TMVA Section

4. Background Cutting

5. t̄t Background

2



Introduction



Z′ Boson

• hypothetical;
• neutral, colorless, self-adjoint, spin-1 gauge boson
that is a carrier of a new force;

• might couple to a hidden sector;
• could play a role in supersymmetry breaking or
mediation.
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Motivation

Aim: new high-mass narrow resonances in dimuon and
dielectron invariant mass spectra.
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Backgrounds and Signals: DY, TTbar, Diboson, Single
top, and our Z′ signal
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DATA Hierarchy
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Transverse Momentum of Dilepton
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TMVA Section



BDT

BDT response
0.8− 0.6− 0.4− 0.2− 0 0.2 0.4

dx / 
(1

/N
) 

dN

0

1

2

3

4

5

6

7

8 Signal (test sample)

Background (test sample)

Signal (training sample)

Background (training sample)

Kolmogorov-Smirnov test: signal (background) probability = 0.0865 (0.404)

U
/O

-f
lo

w
 (

S
,B

):
 (

0.
0,

 0
.0

)%
 / 

(0
.0

, 0
.0

)%

TMVA overtraining check for classifier: BDT

Signal efficiency
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

B
ac

kg
ro

u
n

d
 r

ej
ec

ti
o

n

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

MVA Method:

BDT

Background rejection versus Signal efficiency

11



BDT(CONT)
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BDTG
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Fisher
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Kolmogorov-Smirnov test: signal (background) probability = 0.946 (0.624)
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MLP
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Kolmogorov-Smirnov test: signal (background) probability = 0.262 (0.975)
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LikelihoodD
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TMVA Overview

Signal efficiency
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Background Cutting



Background Cutting Optimization
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Background Cutting Optimization(CONT)
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Background Cutting Optimization(CONT)
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t̄t Background



Characteristic of t̄t Background

Back to the Feynman Diagram:

Involve Jets? or bb̄ information?
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Signal/Background Info.
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Signal/Background Info.(CONT)
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Signal/Background Info.(CONT)

100−

80−

60−

40−

20−

0

20

40

60

80

100

mll ptll ptMu1
ptMu2

detall
dphill

numJet
numbJet

etaMu1
etaMu2

phiMu1
phiMu2

mll

ptll

ptMu1

ptMu2

detall

dphill

numJet

numbJet

etaMu1

etaMu2

phiMu1

phiMu2

Correlation Matrix (signal)

100  38  45   5  11   1   3  -1   3

100  45 -22 -56  32  10   1  -1

 38  45 100  86 -84  11   4   4   1

 45  86 100 -81  25  -5   1   1

  5 -22 -84 -81 100 -19   2  -1  -2

 11 -56  11  25 -19 100 -37  -6   2  -1   1

  1  32   4  -5   2 -37 100  11   2  -1   1

  3  10   4   1  -1  -6  11 100   2

  2   2 100 -27  -1   1

 -1  -1   2 -27 100   2

 -1   1   1  -2  -1   2 100 -50

  3  -1   1   1   1   1 -50 100

Linear correlation coefficients in %

100−

80−

60−

40−

20−

0

20

40

60

80

100

mll ptll ptMu1
ptMu2

detall
dphill

numJet
numbJet

etaMu1
etaMu2

phiMu1
phiMu2

mll

ptll

ptMu1

ptMu2

detall

dphill

numJet

numbJet

etaMu1

etaMu2

phiMu1

phiMu2

Correlation Matrix (background)

100  19  67  66   3   6   3

 19 100  45   6 -10 -63  46  10

 67  45 100  88 -63   7   9   1

 66   6  88 100 -66  23  -4  -2

  3 -10 -63 -66 100 -21   2   1

  6 -63   7  23 -21 100 -47  -9

  3  46   9  -4   2 -47 100  17

 10   1  -2   1  -9  17 100   1  -1

100   4

  4 100

  1 100 -49

 -1 -49 100

Linear correlation coefficients in %

27



Result???

BDT response
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Kolmogorov-Smirnov test: signal (background) probability = 0.094 (0.495)
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t̄t contains b quarks and jets, so does the single t
background. However single t contributes little, making
itself neglectable. ⇒ (WE’RE) NOT able to suppress the t̄t
background???
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Summary

What we’ve managed to do:

• Run the TMVA program as well as input more
parameters;

• Find the cut for Mll to achieve high significance;
• Discuss about the t̄t background;
• Learn machine learning from nothing at all!
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Thank You!
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